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MAXIMAL EXPIRATORY FLOW RATE IN PREOPERA.TIVE 
,AND POSTOPERATIVE PATIENTS HAVING ABDOMINAL 
SURGERY 
The incidence of pulmonary complications fol-
lowillg abdominal surgery has long been a matter of 
concern to the physician and patient. In 1933 
Prinzmetal and others (31) stressed the importance 
of pulmonary subventilation after surgery in the up-
per abdomen and discussed some of the mechanisms 
involved. Churchill (10) states that eight per cent 
of all patients havir~ an epigastric operation have 
pulmonary complications as compared to two per cent 
of all surgical patients collectively. The wider 
scope of operations and increasir~ availability to 
poor risk patients still lead to adverse sequellae 
in spite of antibiotics and improvements in anesthetic 
and operative techniques. 
With the above information in mind and an in-
terest in pulmonary function and phYSiology, I de-
cided to measure the pulmonary function in patients 
before and after abdominal surgery. This paper will 
present the findings in a study of the maximal ex-
piratory flow rate of patients having upper abdominal 
surgery_ The possible causes of postoperative pul-
monary complications; the changes, if any, in maximal 
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expiratory flow rate, the significance of this 
pulmonary test and the factors affectir~ it will 
be discussed. Maximal expiratory flo,,; rate ''I[ill 
be abbreviated to MEFR henceforth. 
The maximal expiratory flow rate was measured 
with the Wright expiratory flow meter. It consists 
of a cylindrical instrument with a mouthpiece on 
its circumference. A circular dial is located on 
one end of the instrument which directly records 
the flow rate in liters per minute. The patient 
merely places the mouthpiece in his mouth while 
holding the instrument in one hand and pinching 
his nostrils closed with his other hand. After 
taking a deep breath, he expires maximally into 
the instrument. It is explained to the patient 
that he should blow as much air through the instru-
ment as rapidly as he possibly can. Three trials 
were taken each day and the best of these three 
used on the graphs. It was found that mo,st of 
the patients studied were unable to participate 
in the test on the day of surgery due to slow 
recovery from the anesthesia. Therefore, the 
maximal expiratory flow rate was measured pre-
operatively and on each postoperative day beginning 
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en the first day after surgery, until he was 
dismissed. 
The patients were taken frem the surgical 
services at the University Hespital in Omaha, 
Nebraska. Only adult patients were selected who. 
were to. have an upper abdeminal eperatien. No. 
ether criteria were used in selecting the patients. 
The time ef day was recorded during each 
test in erder to. cerrelate the time ef the test 
with the last administered analgesic. AlSo., each 
test was cenducted with the patient either sitting 
er with the head ef the bed raised so. that the 
patient was as clese to. the sitting pesitien as 
pessible. 
Ten patients viere tested, five males and five 
females. The ages varied frem 33 to. 71. The aver-
age female age being 44.6 years and the average male 
age being 57.6 years. There were seven chelecystec-
temies, ene hemigastrectemy and gastreduedenestemy, 
ene ventral incisienal hernierrhaphy, and oneexplora-
tory laparotomy which revealed extensive carcinema 
of the stemach. This last case was ineperable. 
One male aged 58 had severe pulmenary emphysema, 
and another male aged 62 had moderate pulmenary 
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L. 
Per 
Min. 
emphysema and bronchitis. Table I gives a resume 
of the patients' essential hospitalization histories 
during this study. 
Results 
The valves obtained from the preoperative 
tests and the daily postoperative tests are listed 
in Table II. The best of the three trials on each 
day was used in the calculations and for the graphs. 
The daily results for the first five patients are 
plotted on the graph in Figure 1 and for the second 
five patients in Figure 2. This \'las done for an 
individual comparison of each patient's results. 
600 
500 
400 
300 
200 
100 
Preop. Op. 1 2 3 7 8 9 10 
Fig. 1. Daily MEFR of the first five patients. 
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Pt. Age Sex Anesthesia 
..:I 
~ 1 46 M Cyclo 
I-' 
(I) 
H 2 33 F Fluothane 
W 
(I) 
~ (I) 
0 
3 58 M Continuous 
Epidural 
Xylocaine 
4 71 M Cyclo 
H) 
'"d 
ill 
c+ 5 51 M Cyclo 
..... 
0'\ (I) ~ 
I c+ (I) 6 62 M Cyclo 
5 
(I) 
'"d 
..... 
c+ 
7 44 F Cyclo 
~ 
..... 
8 48 F Cyclo 
~ 
ill 
c+ 
..... 
0 
~ 
9 46 F Cyclo 
&-
Pentathal 
. 
10 52 F Cyclo 
Operation 
Cholecystectomy 
Cholecystectomy 
Cholecystectomy 
& 
Tracheotomy 
Exploratory 
Laparotomy 
Incisional 
Herniorrhaphy 
Hemigastrectomy 
& 
Gastroduodenostomy 
Cholecystectomy 
Cholecystectomy 
Cholecystectomy 
Cholecystectomy 
Previous 
Lung 
Conditions 
None 
None 
Severe 
Emphysema 
None 
None 
Bronchi tis1 
Mod. Emphysema 
None 
None 
None 
None 
Smokes~ 
Packs 
Per Day Complications Analgesic 
1 Wound Demerol 
Dehiscence 
None None Demerol 
1 Pneumonia Nerve 
Block 
None None Demerol 
1 None Demerol 
1 Left Lower Damerol 
Lobe 
Pneumonia 
None None Demerol 
i None Demerol 
None None Damerol 
1 None Damerol 
D, ay 
}>14-v. Preop. Op. 1 2 3 4 5 6 7 g 9 10 
~l' .L.1b .1.30 .LV, ~~6 C::.Lts ~;g C::Uts ;~§ 1 342 
-
103 91 110 198 " 226 
350 105 100 90 192 232 242 190 300 
310 125 128 124 148 220 330 
2 372 - 134 144 146 192 248 298 ~~ 152 160 184 222 216 2'14 
311-0 105 190 246 270 302 372 
3 360 ... 104 180 238 212 28g 344 
lOG 178 178 217 290 328 I 
-.J 
515 235 305 2lf.6 270 420 If.75 504 ~76 5~5 I 4 5lf.5 
-
265 320 396 421 460 460 501 430 546 
550 313 394 14-18 4Q.1 If.54 473 520 460 556 
5 75 85 84 60 60 60 68 76 
60 60 
70 
-
90 84 62 60 60 80 78 72 68 
72 85 88 60 64 60 64 60 60 60 
287 96 100 110 210 260 2lf.6 333 
6 268 
-
65 96 100 266 2lf.8 226 371 248 87 98 133 242' 252 245 370 
310 127 92 142 184 220 290 302 
7 3~0 .... 1~1 129 157 190 205 286 298 "HI 1 2 110 130 170 237 28 320 .... 
231 65 98 109 125 201 218 
8 214 - g~ l~t 12+ 128 202 20~ 2 0 14 139 187 190 
312 117 170 190 2lf.5 262 289 315 
9 ~~ ... 120 16~ 202 240 2~8 ~~ f>J 129 17 201 235 2 0 
289 105 154 127 205 238 278 
10 293 ... 104 160 184 213 225 280 
295 112 139 197 210 2lf.5 23lf. 
'-- --~- L..-..------- --~-
-
--
Table II. Daily MEFR Readings 
L. 
Per 
Min. 
600 
500 
400 
300 
200 
100 
Preop. 
Fig. 2. 
Op. 1 2 3 
Daily MEFR of 
4 567 8 9 
Day 
the second five patients. 
It can be seen that all the patients had a marked 
decrease in ~~FR OD. the first postoperative day 
except for one male. This patient had a chole-
cystectomy and a tracheotomy. He had severe 
emphysema and was given continuous epidural 
anesthesia for the operation. Postoperatively 
he was given intercostal nerve blocks for analgesia. 
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He had a slightly increased 1.IEFR for two days 
postoperatively, then developed pneumonia and 
his I~FR decreased below his preoperative level. 
The daily mean ]'1EFR is plotted on the graph 
in Figure 3. 
400 
L. 300 
,per 
:Min. 
200 
100 
Preop. Op. 1 2 3 4 5 6 7 Day 
Fig. 3. The daily mean MEFR for patients 
in this series. 
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The mean preoperative MEFR was 328 liters per 
minute. On the first postoperative day there 
was a mean decrease in MEFR of 196 liters per 
minute. This is a decrease of 59.8 per cent 
below the original value. As can be seen from 
the graph, there was a daily increase in the 
mean MEFR for each of the days shown after the 
first postoperative day. On the sixth post-
operative day the mean ~~FR was 278 liters per 
minute, 1-Thich was 50 liters per minute below the 
preoperative level, or 84.8 per cent of the origi-
nal ~mFR. Of the five patients who were tested 
beyond the sixth postoperative day, three attained 
MEFR levels slightly above their preoperative 
levels. ~iO of these bettered their preoperative 
MEFR on the seventh day, and the third on the 
tenth day. All the patients regained at least 
80 per cent of their preoperative ~mFR by the 
time they were dismissed. Table III shows the 
level of MEFR attained by each patient at the 
time he was dismissed. 
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Postoperative Per cent 
Day Of Original 
Patient Dismissed MEFR Attained 
1 10 87 
2 6" 89 
3 6 81 
4 10 101 
5 9 91 
6 7 116" 
7 8 94 
8 6 93 
9 7 102 
10 6 96' 
Table III. The per cent of the original 
MEFR attained by each patient at dismissa.l. 
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Discussion Of MEFR Test 
The basic concepts of the respiratory mechanics 
should be developed for a good understandi~~ of the 
MEFR. The movement of air in and out of the lungs 
results from a rhythmic, changing interplay of 
several forces. Air moves in or out of the lungs 
because of the existence of a pressure gradient 
between the lungs and the atmosphere. The velOCity 
of this flow is determined by the relationship 
between the pressure gradient and the resistance 
of the tract through which the air passes. The 
pressure gradient is ordinarily produced by the 
movements of the diaphragm and the thoracic cage, 
the force of these movements being transmitted to 
the lungs through the pleural flUid. 
The thoracic wall and the intra-abdominal 
pressure along with the elastiCity of the lungs 
increase or decrease the force of these movements. 
The resistance to air flow given by the respira-
tory tract is a function of the length, shape, 
and cross sectional area of the conducting tubes. 
Proctor (32) states that this resistence is 
essentially the same durir~ expiration and inspi-
ration. He states that this is due to a shortening 
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of the bronchi which occurs simultaneously vJ"i th 
the decreasing size of the llli~en during expiration, 
thus maintaining a nearly constant resistance. 
Heinbecker (21) states that there is a reduction 
in resistance with inspiration. The viscosity of 
the respired gases also plays a part in the resis-
tance to their flow, but were essentially unchanged 
in this study. No attempt was made to study the 
respired gases here. Comroe (11) states that 
alterations in the pattern of breathing become more 
apparent when maximal, forced expiratory efforts 
are made. Initially the rate of air flow during 
forced expiration in a healthy young man is very 
rapid, at least 400 liters per minute. However, 
there is a considerable slowing of the flow rate 
at end-expiration. A Single violent expiratory 
puff is best produced after a very deep inspiration 
(33). When an expiration begins after a maximal 
inspiration the respiratory muscles are supple-
mented by the elastic tension of the lungs and 
chest wall. After the hi&~ initial peak expiratory 
flow and as the lung volTh~e decreases, the elastic 
tension falls off and the chest wall elasticity 
opposes the expiratory effort. The position of 
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the respiratory muscles also pass the points 
at which they may act with the greatest effective-
ness. Within about 0.1 seconds, or after the 
expiration of less ~~an 10 per cent of the vital 
capacity, flow acceleration decreases and deceler-
ation begins, accordi~~ to Proctor (32). This 
is consistent with the timed vital capacity 
measurement in which 83 per cent, 94 per cent, 
and 97 per cent of the vital capacity are exhaled 
in one, two, and three seconds respectively. In 
inspiratory gasps the series of events is similar 
but the peak velocity is reached more slowly and 
drops off more slowly. Unlike the vital capacity, 
the timed capacities ,correlate well with maximal 
breathing capacity, air velocity index, and ratio 
of residual volume to total lu~~ capacity (18). 
A marked reduction in flow rate indicates that 
a mechanical problem exists during the expiratory 
phase. Flow rates may be reduced to as low as 20 
liters per minute in extreme cases. Ability to 
cough is greatly decreased by such severe redUctions 
in MEFR and is particularly serious because it de-
creases the patients ability to remove secretions 
from his ai~iay. 
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A MEFR test requires the patients· cooperation 
and doesn't give a specific diagnosis as to the 
mechanical problem involved; therefore, it has 
the same disadvantages as the maximal voluntary 
ventilation test. Just the same, the test is 
simple, nonfatiguing, is easily repeatable, and 
clearly distinguishes expiratory difficulties 
from inspiratory difficulties. 
Factors Affecting The ~1EFR 
Numerous factors can account for the marked 
decrease observed in the MEFR in these patients 
following upper abdominal surgery_ First, however, 
the patient in this series with severe emphysema 
had a slight increase in MEFR after a cholecystec-
tomy. This increase was not significant in view 
of his extremely low MEFR. Comroe (II) states that 
there is a decrease in elastic tissue in the lung 
and that the finer airways have less rigid walls 
in emphysema. The emphysematous lung thus shifts 
to a greater degree of inflation at the expiratory 
resting point. There is a greater resistance to 
expiratory air flow due to collapse of the airways. 
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To c6mb~t this increased expiratory resistance 
a greater degree of lung inflation is necessary to 
give an increased elastic expiratory force. Also, 
Briscoe and Dubois (7) have shown that airway 
resistance is less at greater lung volumes in any 
one individual. However, during a forced expira-
tion, positive intrapleural pressure develops 
because the muscular contraction decreases the 
thoracic cage volume faster than the air leaves 
the lungs. This positive pressure exceeds the 
intralmninal pressure of the bronchioles and tends 
to further collapse the walls. Therefore, the 
emphysematous patient has a greater degree of 
obstruction with forced expiration. Since the 
patient with emphysema in this series was unable 
to expire as forcibly as he could preoperatively, 
due to pain and impairment of the abdominal muscles 
which are used in forced expiration (9), this may 
account for his higher MEFR. Other factors to 
account for his higher ~~FR on the first two 
postoperative days may be related to his tracheotomy. 
The te st l'faS, however, conducted with the tracheo-
tomy tube plugged. Since his ventilation was better 
with the tracheotomy and his secretions were being 
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suctioned mechanically, this may have reduced any 
CO2 narcosis and decreased the airway resistance. 
The site of operation has a marked effect 
on the pulmonary ventilation. Campbell (9) 
believes that the muscles of the abdominal wall 
are the most important muscles in forced expira-
tion. They perform two important mechanical 
actions in raising the intra-abdominal pressure 
and drawing the lower ribs downward and medially. 
The scaleni, the sacrospinalis and probably the 
intercostals also contract. Campbell also shows 
by electromyography that provided sufficient atten-
tion is paid to posture and comfort, the abdominal 
muscles are inactive in the supine subject during 
quiet breathing and during increased pulmonary 
ventilation up to level of maximal voluntary 
ventilation (MVV) of 40 liters per minute. It is 
only above 90 liters per minute NNW that the 
abdominal muscles contract very forcibly in either 
the sitting or supine position. Campbell also 
states that patients with generalized pulmonary 
emphysema generally don't use the abdominal muscles 
much either during quiet or increased breathing. 
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The abdominal muscles contract quite vigorously 
in coughing, straining, and similar expulsive 
efforts. However, it has been shown by Campbell 
that the abdominal muscles used in maximum voluntary 
expiration don 1 t exert the full force of which 
they are capable. Egbert (15) found by measuring 
the intra-abdominal pressure by a balloon inserted 
through the rectum, that following laparotomy 
patients had approximately normal strength in the 
abdominal muscles. This was measured while the 
patients coughed at the end of an operation. 
However, after the patients were fully awake they 
wouldn't cough because of the pain. He compared 
these patients with patients who had leg operations. 
All these patients continued to cough normally 
even though they had received nothing for pain. 
This explains why patients who have abdominal pain 
prior to laparotomy don't cough effectively. It 
was shown by Bromage (8) that abdominal pain, 
uncomplicated by the mechanical interference of 
an operation, in such conditions as acute pancreati-
tis or in acute perforation of a Viscus, restricted 
respiration so severely as to cause cyanosis. 
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---------
However, when this pa.in was relieved the breathing 
returned to normal and the cyanosis disappeared. 
Almost every possible factor in the production 
of postoperative pain is brought into action with 
intra-abdominal surgery. The cutting of the skin 
and subcutaneous tissues, division and stretching 
of the muscles, opening the peritoneum, and inter-
ference with the viscera all contribute to pain 
production. Relief of incisional pain in order 
to permit better coughing and deep breathing has 
been suggested by Bromage (8). Although large 
doses of narcotics are associated with a higher 
incidence of atelectasis, Simpson (35) and 
associates suggest that this finding may simply 
be a correlation between more severe pain and the 
frequency of atelectasis. Treatment with a narcotic 
or with a regional anesthetic should increase the 
patient's willingness to take a deep breath. 
Several methods of analgesia have been suggested. 
Bromage (8) analysed the efficiency of analgesic 
agents in patients who had upper abdominal operations. 
He compared epidural analgesia using 0.8 per cent 
xylocaine, meperidine (demerol), methadone, and 
intravenous xylocaine in standard amounts. He used 
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the spirometric measurement of vital capacity, which 
has been shown to be reduced following upper 
abdominal surgery by Churchill (10), to evaluate 
the analgesic efficiency. The vital capacity 
increases in proportion to the effectiveness of 
the drug. With epidural block the best respiratory 
function was obtained. The vital capacities re-
turned to about 80 per cent of the preoperative 
value. Methadone, intravenous xylocaine, and 
demerol followed in that order in restoring the 
respiratory fUnction in Bromage's series. 
Churchill found that the vital capacity was 
reduced by 75 per cent in the first day following 
gall bladder operations. In 1910 Pasteur showed 
that the diaphragm rises postoperatively (31). 
Head (20) found that pain could reduce the vital 
capacity to less than one-fifth of the normal 
value after upper abdominal operations. The 
postoperative reduction of vital capacity is due 
to pain, to mechanical interference with the 
abdominal muscles, and to the pneumoperitoneum 
that occurs at closure of the peritoneum. An 
abdominal binder on the upper abdomen decreases 
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the vital capacity by as much as 30 per cent 
according to Churchill. starr (36) found that men 
had a greater reduction in vital capacity than 
women following upper abdominal surgery, since 
they are abdominal breathers while women depend 
more on thoracic cage movement. Morton (28) 
states that males have three times as many pulmon-
ary complications as women. Hyatt (22) has shown 
that there is a fUnctional relationship between 
maximal expiratory flow and the degree of lung 
inflation. He shows that over the upper half of 
the vital capacity the relationship between maxi-
mal expiratory flow and the degree of inflation 
is effort-dependent. OVer the lower half of the 
vital capacity the maximal expiratory flow is 
determined by the physical properties of the lower 
airways. As has been shown (3), the vital capacity 
can be reduced as much as 75 per cent of the original 
value after upper abdominal surgery, thus making the 
~mFR dependent on the bronchiole characteristics 
and unrelated to effort. This helps explain the 
decrease in ~mFR found in this study. Lewinn (25) 
also shows that a reduction in vital capacity after 
upper abdominal surgery leads to a decreased ~1EFR. 
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Many other factors are undoubtedly responsible 
in part for a decreased l~FR following upper abdomi-
nal surgery. Central respiratory depression by 
medication can occur. In this study only demerol 
was used, except in one case. Demero1 produces 
only slight respiratory depression in full thera-
peutic doses and even gives bronchial smooth muscle 
relaxation according to Drill (13). It was used in 
smaller doses in all patients in this series, so 
its effect was minimal. Atropine and similar 
drugs cause a decrease in bronchial secretions, thus 
giving a tendency towards retention of a more 
tenacious sputum. This predisposes to lung in-
fection (37). With infection, McNeil (26) demon-
strated that the work of breathing increases, 
airway resistance increases, and the ~rEFR falls. 
Atelectasis may develop 24-36 hours postoperatively, 
evidenced by respiratory difficulties and a fever. 
It is believed a major cause of atelectasis is 
retained secretions occluding a bronchus or bron-
chiole, along with such things as aspiration of 
vomitus, bronchitis, suppression of the cough by 
pain, dried secretions, and possibly an anesthetic 
effect (19). Atelectasis essentially decreases 
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the lung volume and leads to a decreased MEFR. 
Abdominal distention, fatigue, and psychic de-
pression can all lead to a fall in MEFR. Pulmonary 
complications after laparotomy were investigated by 
Morton (28) who found that the morbidity for smokers 
was six times greater than for nonsmokers. He 
found that morbidity increases with age, but the 
length and complexity of operations also increase 
with age. However, he concluded that the chronic 
tracheobronchitis of smokers was a significant 
factor in pulmonary complications. Dam (12) 
presented evidence to show that the depressant 
effect of increased C02' residual effect of neuro-
muscular blocking agents, anoxic brain damage, and 
paralysis of intercostal muscles by spinal analgesia 
all lead to hypoventilation and reduced air flow 
rates. 
Summary 
The maximal expiratory flow rate was measured 
in ten patients before and after upper abdominal 
surgery_ There were five females and five males 
in the study. Only patients having upper abdominal 
surgery were selected. No other criteria were used 
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to select patients. The Wright expiratory peak 
flow meter was used to measure the maximal ex-
piratory flow rate. There were seven chole-
cystectomies, one incisional hernioplasty, one 
exploratory laparotomy, and one gastric operation 
in the series. The patients'MEFR was measured 
preoperatively and on each postoperative day 
until dismissal. The mean MEFR preoperatively 
was 328 liters per minute. On the first post-
operative day there was a 60 per cent decrease in 
the mean I~FR. The mean MEFR gradually increased 
on each postoperative day during the six days that 
all patients were tested. On the sixth postoperative 
day the mean ¥iEFR had returned to 85 per cent of 
its original value. 
A review of the literature shows that the 
site of the operation is very important in limiting 
forced expiration (15). Pain (30) was shown to be 
a most important factor in decreasing the MEFR. 
The vital capacity in patients after upper abdominal 
surgery is markedly decreased, which further contri-
butes to a lowered MEFR. 
Other factors such as atelectasis, medications, 
smoking, retained secretions, and infections which 
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contribute to decreased pulmonary function are 
discussed. 
Conclusion 
1. The maximal expiratory flow rate (r~FR) 
was measured in ten patients before surgery and 
on each postoperative hospital day until dismissal. 
2. The x4EFR was markedly decreased, an 
average of 60 per cent, on the first postoperative 
day by upper abdominal surgery_ There was a steady 
increase in the ~~after the first postoperative 
day, until an average of 85 per cent of the pre-
operative MEFR was attained by the sixth day. 
- 25 -
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